Abstract In this research, we installed the storm water storage tank, which has three functions: pollutant control, flood control and water use, to the end pipe of a separate system. We examined the effect of real time control (RTC) introduction with the scenario selection in the study area in the catchment basin, which has measured data. As a result, a latter period centering-type case is satisfied with the pollutant reduction by the RTC and also at the water use tank, the best control settles COD concentration at about 0.45 mg/l. It was clarified how to use a RTC method as a measure of the discharge problem from an urban area during a storm event.
Introduction
Pollutant runoff to receiving waters from sewer systems during storm events is a serious problem for sewered urban areas. The unsteadiness and unpredictability of storm events makes it very important to control the effluent and hence the pollutant by using real time control (RTC) methods. In areas covered with combined systems, RTC has been discussed and employed as one of possible strategies to solve the CSO problem of wastewater being discharged without treatment to a receiving water during a storm event. In Japan it will take a lot of time to solve the CSO problem because of rainfall characteristics and difficulties in setting up some facilities. For example, there are reports that wastewater overflows only two or three times a year in the United States. In contrast, overflows are much more common in Japan; hence, RTC is an important subject for research in Japan.
Currently, there are no pollutant reduction plans or facilities for runoff control for areas covered by separate sewer systems in Japan. Yet, according to recent reports, it has been made clear that many pollutants are deposited on the surface in urban areas; consequently, the water quality of the first flush of a rainfall cannot be neglected. Therefore, the methods to control the first flush have become a serious subject to be studied. In addition, since storm water is considered an important water resource and the recycling of collected storm water is strongly promoted, the introduction of RTC for storm pipes needs to be considered. Recently, short-term predictions of local storm events have become available, making RTC more attractive.
Based on these circumstances, this research focuses on the evaluation of the introduction of RTC by installing a storm water storage tank that has pollutant control, flood control and water use functions at the end point of sewer system. The Ono drainage basin was selected as the study area because of the availability of data.
RTC system
Concept for RTC RTC refers to a control method of observing a whole drainage system to maximize the application of capacity of a storage tank. Conventional storm water drainage facilities have been designed only to fit design rainfalls but not to other rainfall events; hence, the capacity of tank has not been fully used. By introducing RTC, we can fully apply the maximum capacity of a storm water drainage system by appropriate control of pumps, accomplished through monitoring rainfall and water level of drainage system, which varies according to the characteristics of the rainfall event.
In the storm water drainage system described here, the control method will be determined according to the input information and the functions of control system. The following parameters are monitored in a drainage system and are used as input: measured rainfall, estimated rainfall, water level, water quality, antecedent dry weather period. Each control system can perform measurements every minute, and the minimum unit is 0.1 mm for rain gauge, 0.1 cm for water level gauge, and 0.1 mg/l for water quality sensor. Radar rain gauge can predict precipitation every hour up to three hours in advance. In Figure 1 , the relationship between the information collection points and each unit necessary for RTC is described.
RTC level
The control level for the storm water drainage system according to monitoring by measurement for precipitation, water quality, water level, and various tank control scenarios is defined and shown in Table 1 . Control level is classified into seven levels from level 1 (natural control) to level 7 (optimal control) by comparison of each estimated precipitation. 
Selection information and control.
1 ᭹ : renewal every one hour, ᭺ : early estimation only, discharge estimation by calculation. 2 ᭹ : adaptation control, ᭺ : decision control from estimation.
3 In the case of Level 4 and 5, estimated precipitation was used in the selection of either peak discharge or pollutant control to control the flood tank. The Ono drainage system located in the town of Shiga in Shiga Prefecture has been selected as study area for the analysis. The proportional area for each type of land use is shown in Table 2 , with an outline of the drainage system presented in Figure 2 .
Determination of each parameter
Parameters in the model have been determined by using the water quality component of the storm water runoff analysis software Ô Hydro WorksÕ based on data from three rainfall events observed at the end-point of the Ono drainage system and on discharge and water quality data obtained at the discharged point. The model parameters are shown in Table 3 . The surface deposition quantity has been estimated using Equation (1): (1) K. Yamada et al. 19 Build-up factor (kg/ha day) 2.0
Decay factor (day -1 ) 0.08 Figure 2 Outline of Ono drainage system
where M is the mass of deposit per surface unit (kg/ha), P s is a build-up factor (kg/ha day), and K 1 is a decay factor (day Ð 1 ).
Determination of the storage capacity for a storm water storage tank
We assume that a storm water storage tank has three different functions: pollutant control, flood control and water use. The rainfall stored in a polluted reservoir will be treated after being drained through a sanitary sewer. Storm water will be returned to the storm sewer after the storm event; however, it will be treated after it is drained through the sanitary sewer when that water is used for the purpose of pollution control. Storm water with low pollutant concentration will be utilized as water for miscellaneous use, such as cleaning, after primary treatment.
To determine the storage capacity of the storm water storage tank, a numerical simulation has been carried out using data from normal rainfall events in 1995. The total volume of storm water storage capacity has been determined as equivalent to 5 mm rainfall according to the discharging river section area based on general knowledge of the pollutant reduction concept. Each tank has been defined as follows: 1. Pollutant tank: 2 mm of precipitation corresponding to equivalent storage volume with 80% cut off the COD loading by annual calculation. 2. Flood tank: 2.5 mm of precipitation corresponding to the volume to cut-off peak discharge when 10 minute average precipitation is more than 4 mm. 3. Water use tank: 0.5 mm of precipitation corresponding to a volume with COD concentration less than 10 mg/l used water for multipurpose use.
Selection of supposed rainfall
The rainfall patterns for analysis have been assumed according to the survey of annual precipitation data of Kusatsu city in both 1993 and 1995. The rainfall patterns used in this study are as follows: early period centering type, latter period centering type, small precipitation and large precipitation. Two and four hours of rainfall duration were selected for both early period centering type and latter period centering type. As for the supposed precipitation, 12 mm of rainfall was selected as a small precipitation and 30 mm of rainfall was selected as a large precipitation by considering 5 mm capacity of the storm water storage tank and the runoff rate. The antecedent dry weather period used in this analysis is 105 hours, which is the annual average of Kusatsu city. The outline of the supposed rainfall is shown in Table 4 .
Selection of scenarios
To examine the effect of non-point pollutant load reduction, the peak discharge cut, and the low concentration storm water storage by the RTC level, levels 0, 2, 5 and 7 were selected as cases 1, 2, 3 and 4, respectively, from RTC level. Case 3 is divided into two sub-cases according to the result of computation by using the estimate of precipitation. If the flood tank is used as the peak discharge cut, case 3 is referred to as case 3-1. If the flood tank is used as the pollutant control, case 3 is referred to as case 3-2. The conditions of each scenario used in the analysis are given in Table 5 . The RTC method of each case was examined based on the RTC level of Table 1 .
Results
The results from simulations using the scenarios described above are shown below. Figure  3 shows the storage volume accumulated in each tank. Figure 4 shows the reduction percentage of the COD loading amount that was accumulated in each tank in case 1. 1. The COD loading reduction percentage is reduced by the pollutant tank with case 4 resulting in larger reductions than case 2. In particular, the pollutant tank is more effective in the case of the latter period centering type like rainfalls C and D. 2. There are some cases that the storage tank will not be filled if the pollution control is carried out based on a smaller concentration than predicted from the estimated rainfall, as is shown in case 3. However, as is shown in case 4, optimal control can be done by comparing the estimated result and the real storage volume using estimated precipitation each hour. 3. The total storage volume is larger for cases with large precipitation, like rainfall events B and D, because the flood tank is working successfully with case 4 of the optimal control. 4. The small precipitation like rainfalls A and C can use the flood tank for pollutant control, because it does not control the peak discharge. 5. In the case of large amounts of precipitation, like events B and D, the average COD concentration in the water use tank is about 0.45 mg/l by optimal control. Also, it is possible to use the water for miscellaneous uses without primary treatment. 
Conclusion
The introduction of RTC to cut non-point pollutants discharged from separate sewer systems during a storm event was examined. A storm water storage tank divided into three parts for pollutant control, flood control and water use was installed at the end pipe. Some of model parameters were determined by using observation data in a typical study area. Four scenarios, including rainfall forecast, were established and the behavior of water quantity and quality were calculated by RTC for the four patterns of rainfall. As a result, the effectiveness of RTC was clarified as follows.
1. The introduction of RTC is more effective for a divided storm water storage tank. 2. RTC using rainfall forecast is more effective for some specified patterns of rainfall. 
